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For more than a decade, exercise thallium-201 scintigraphy 
has been the standard diagnostic te for nonicvasive assess- 
ment of left ventricular harmacologic coronary 
vasodilation with dipyridamole, a drug that acts by increas- 
ing endogenous adenosine l vels (k-g), is an alternative to
exercise for myocardial perfusion imaging. Although exer- 
cise stress provides invaluable diagnostic and prognostic 
Information with respect to he patient’s effort olerance and 
exercise-induced electrocardiographic (KG) changes that 
cannot be equally met by pharmacologic stress testing, good 
agreement has been found between exercise and dipyrida- 
mole myocardial perfusion patterns (9). We previously re- 
ported (10) the feasibility, safety and diagnostic potential of 
maximal, controlled coronary vasodilation with direct infu- 
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sion of adenosine incombination with thallium-201 scintig- 
raphy ir psltients with coronary artery disease who were 
Scanty information is available directly comparing myo- 
cardial perfusion patterns debug adenosine infusion and 
duriag standard treadmill exercise in a @Ient cohort with- 
out exercise iimitations. Nguyen et al. (11) and Coyne et al. 
(12) recently reported on spa11 series of patients who under- 
went both exercise and adenosine imaging. Good agreement 
was found between the two stress images. 
studies did not employ blinded interpretati 
did not use computer quantification. Bot 
dures would be important toassess the vsltie of using this 
new stress test interchangeably with traditional exercise 
stress for identifying coronary artery disease. 
Accordingly, the purpose of this multicenter p ospective, 
crossover t ial was to determine the degree of 
between adenosine and exercise thallium-201 
by qualitative and quantitative analysis in a la 
subjects. 
S 
&en&. The study group consisted of 175 subjects 
(135 men and 40 women); 55 were healthy volunteers (42 
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men and 13 women with a mean age of 33 + 9 years) and 120 
were patients (93 men and 27 women with a mean age of 57 
-c 12 years) suspected of having coronary artery disease 
because ofa history of chest pain, positive results on a prior 
exercise ECG or the presence of two or more risk factors. 
The ncimal volunteers had a <5% likelihood (13) of having 
coronary artery disease as assessed by a normal ECG at rest, 
no chest pain, no prior cardiovascular history and achieve- 
ment of >85% of predicted heart rate during an exercise 
stress test without development of ischemic ECG changes or
angina. All volunteers were recruited by local advertisement 
for the protocol and were paid to participate in the study. 
Two single-photon emission computed tomographic 
CT) studies, one during administration f adenosine 
and one during exercise stress, were pe$ormed within 13 2 
13 days (range 5to 30) of each other in the same patients. In
most cases (n = 166). the exercise study was performed first. 
In subjects with suspected coronary artery disease, this 
sequence was inevitable because exercise tomography ad 
been ordered initially as the accepted iagnostic test. In 
volunteers, the exercise was petformed firs& because our 
patient selection criteria required that those with exercise- 
induced angina or ischemic ECG changes had to be excluded 
from the study. 
The exchsion criteria were as follows: physical inability 
to perform an exercise tr admill test, presence of acoronary 
event or therapeutic intervention between studies, uncon- 
trolled arrhythmias, severe systemic arterial hypotension 
(systolic pressure <80 mm Hg), severe hypertension (sys- 
tolic pressure >180 mm Hg or diastolic pressure 
> 110 mm ‘ig), New York Heart Association functional class 
III or I? congestive heart failure, sick sinus syndrome, 
second or third degree atrioventricular (AV) block, a history 
or clinical findings of bronchoconstrictive lung disease, use 
of methylxanthines or dipyridamole within 24 h of the test, 
recent (< 1 week) myocardial nfarction and rapidly progres- 
sive unstable angina. Consumption of coffee and tea was 
prohibited on the morning of the study. 
Forty patients (33%) had historical or ECG (pathologic Q 
waves in appropriate l ads) evidence of prior myocardial 
infarction. The ECG during the stress tests was interpreted 
as positive for ischemia if there was rl-mm flat or 
downsloping or 2 1.5mm upsloping ST segment depression 
measured at80 ms beyond the J point. The ECGs from nine 
patients who were taking digitAlis were interpreted asnon- 
diagnostic. 
At the time of adenosine and exercise tomographic imag- 
ing, 39 (32%) of the 120 patients were being treated with a 
calcium channel or a beta-adrenergic blocking agent. In 
addition, 23 subjects (19%) were using oral nitrates. The 
drug regimens were not altered between the two tests. 
The protocol used a crossover study design to compare 
adenosine and exercise thallium scintigraphy performed 
within a close temporal relation (minimum of 5 and maxi- 
mum of 30 days) and was approved by the Institutional 
Review Board at each of the participating centers. The 
participating centers and principal investigators are listed in 
the Appendix. Written informed consent was obtained from 
each subject before ntry into the study. 
Exercise tha~liwm scint~gr~phy. In the fasting state, max- 
imal symptom-limited treadmill exercise testing was per- 
formed with use of the Bruce protocol. Heart rate, blood 
pressure and a 12-lead ECG were recorded at l-mm intervals 
and 3 ECG leads were monitored continuously. Three to 
3.5 mCi of thallium-201 was injected intravenously 1 min 
before termination of exercise; to 
commenced approximately 10min later. 
Adenosine thallium sci~t~~ra~hy. Adenosine (Adenoscan) 
was supplied by Medco Research, Inc. as a sterile isotonic 
aqueous solution at a concentration f 3 mg/ml(50-ml vials) 
and was infused into a superficial rm vein by using an 
infusion pump at a rate of 140 &kg per min. After 3 min, 3 
to 3.5 mCi of thallium-201 was injected intravenously into 
the opposite arm and the adenosine infusion continued for an 
additional 3 min. The infusion was continued for 3 min after 
administration f the radionuclide agent o allow for more 
complete blood clearance ofthallium. In contrast, exercise 
stress is usually maintained for only 60 s after thallium 
injection at peak exercise because of patients’ inability to 
maintain peak effort for a longer time. Although the rate of 
blood clearance of thallium during exercise and adenosine 
infusion has not been directly compared, the cl arance rate 
may be faster during exercise, which results in a greater 
increase in cardiac output than that induced uring adeno- 
sine infusion. Maintaining the “stress” longer with adeno- 
sine may compensate forany possible slower ate of thallium 
clearance. Tomographic acquisition was performed in ex- 
actly the same manner used for the exercise t st; the patients 
were supine and acquisition was begun approximately 
10 min after the thallium injection. Delayed images were 
acquired 3 to 5 h later. Heart rate, blood pressure and a 
12-lead ECG were recorded before the start of adenosine 
infusion, at I-min intervals during infusion and for the 1st 
5 min after termination of infusion. Three ECG leads were 
continuously monitored. The subjects remained in the su- 
pine position throughout the infusion a d imaging. Exercise 
was not combined with the adenosine infusion. 
Single=photon emission eompn!ed tomography. Thal- 
lium-201 tomography was performed with a rotating amma 
camera equipped with a low energy, high resolution collima- 
tor. Intrinsic and extrinsic Boods, axes of rotation and 
extrinsic bars were recorded on floppy disks before image 
acquisition and reviewed at the core laboratory for quality 
assurance. 
To maintain uniformity, all studies were acquired on a 
SPECT system (ARC 3000 or Genesis, ADAC Corporation). 
The camera’s pulse height analyzer was set on the IQ-keV 
photopeak of thallium-201 with 15% symmetric windows. 
Images were acquired over an 180” arc as previously re- 
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core laboratory by consensus between two experienced 
observers who did not kn type 
or any other clinical in ion r 
Slices were displayed sequentially in all three 
to assess perfusion defects in each vascular territory. Seg- 
mental myocardial perfusion on the initial images was clas- 
sified as normal or abnor sion defects were graded 
with respect to the intensity of thallium uptake and classified 
as showing mild to moderate versus evere hypop 
Tomograms were also analyzed for the presence an 
ibility of perfusion defects 3 to 5 h after tbal~ium injection. 
The visually observed perfusion defects wele matched to the 
coronary vascular bed, as previously reported from our 
lab (5, 
er 
graphic images were available for computer quantification in 
150 subjects (39 healthy subjects and I I1 patients) and were 
subsequemly quantified by using computerized two- 
dimensional polar maps of the three-dimensional m yocardial 
radionuclide activity. We ($10, i4) previously described this 
method in detail. Because of a power surge in our microVAX 
system, the stored images from 13 subjects with technically 
good images were inadvertently deleted fromthe computer 
memory between the time of visual interpretation a d com- 
puter quantification. 
To obtain appropriate normal data bank comparisons, 
after completion of the qualitative analysis, one of the 
investigators (S.N.) was informed about he stress test used 
in each patient. The polar maps from each patient were 
statistically compared with normal data banks separately 
generated for exercise and adenosine stress testing from the 
data of the 55 normal volunteers. Pixels with counts that 
were >2.5 SD below the mean values of the corresponding 
pixel in the normal data bank were coded as abnormal by the 
computer. The 2.5SD criterion ensured that < 1% of normal 
pixels would be coded as abnormal nd has performed well 
in our previous tudies (5,6,9,11) using exercise, dipyrida- 
mole and adenosine imaging. This procedure was carried out 
it s study. This observer 
the perfusion defect on the polar m 
scans were classified as abnormal (~3% focal perfusion 
defect) or normal defect). The decision to use a 3% 
defect size as a cu point between ormal and abnormal 
was based on our previ s experience in which use of a 
ar criterion afforded h sensitivity and specificity with 
uantitative exercise, d idamole and adenosine to 
ic imaging. Each of the three coronary vascular terri- 
was also classified as abnormal or normal by using 
similar criteria. Intra- and interobserver r ~rQd~cib~~~ty for 
com~~ter~ge~erated perfus defect size in out+ laboratory 
is high, with correlation co ients of0.98 and 0.97, respec- 
tively (14). This excellen rod~cibility ensures that the 
required observer-computer interaction does not detract 
cardial thalhsm-2Cl counts were computed on the stress 
polar maps in sma!l rcgisns (2.5 ;I’ 2 f nix&) of int::~iat 
located centrally within each normally or abnormally per- 
fused vascular territory. The abnorma~normai count ratlo 
was calculated as the mean counts/pixel in the defect divide 
e. The anterior image 
in the tomographic a quisition -was used to calculate heart 
and lung thallium uptake. Absolute myocardial thallium 
uptake was calculated as the average counts/pixel within a 
2.5 x 2.5pixel region of interest placed in the area with the 
highest count density n each myocardial segment (anterior, 
apical or inferior). Absolute lung thallium uptake was catcu- 
lated as the average counts/pixel within a 2.5 X 2.5~pixel 
region of interest placed in the medial aspect of the left lung, 
approximately 5 pixels uperior to the left lateral border of 
the heart and 5 pixels lateral to the mediastinal photon- 
deficient area, as previously reported (15). The hmglheart 
ratio was calculated as the mean counts/pixel in the lung 
region of interest divided by the mean counts in the myocar- 
dial region of interest. The intra- and interobserver r pro- 
ducibility of the heart counts, lung counts and lundhe 
ratio in our laboratory is very high, with correlation toe 
cients of 0.99 and 0.99, 0.99 and 0.97 and 0.98 and 0.95, 
respective!y. 
In the planning of this stu Y, it was de~erm~~~d t 
sample size of 163 subjects would be required to detect an 
odds ratio (the ratio of the disagreement between the two 
tests) of 2.2 with a power of 0.8 and an alpha value of0.05. 
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Table 1. Hem&ynamic Variables During Adenosine and Exercise Thallium-201 Tomography in 175 Subjects 
Adenosine Tomograplq Exercise Tomography 
____ 
Baseline Peak Effect Baseline Peak Level 
Healthy volunteers (n = 55) 
Systolic blood pressure (mm Hg) 11fJts 109 +- 13’ 122 f 11t 167 Y!z 2o*t: 
Diastolic blood pressure (mm Hg) 76 f 6 66 r 11* 78 + 7t 89 + 11*j: 
Heart rate (beaMminI 66+ I2 97 ir 18* 18 + 13% 185 = 16’t 
Rate-pressure product (beatskn x mm Hg) 7,838 + 1,715 10,541 r 2,527* 9,442 + 1,803$ 30,860 + 4,952*$ 
Exercise time (min) - 14.5 f 4.1 
% Target heart rate - 9!Jr I1 
Patients (n = 120) 
Systolic blood pressure (mm Hg) 128 -c 186 116 2 1611 127 r 17 163 c 23*$ 
Diastolic blood (mm Hg) pressure 78 2 9 69 9 IO* 75 + i2t 82 2 12*;$ 
Heart rate (beatslmin) 65 Z?C 13 84 + 17*§ 70 k 14t: 129 + 16*$ 
Rate.pressure product (beatslmin x mm Hg) 8,438 k 2,267 9,169 zt 2,618*1 8,889 + 2,329t 21,283 + 5,9OX*S§ 
Exercise time (mini - 8.2 L 4.21 
% Target heart rate - 79 c 168 
*p < 0,001 versus basclinc; tp < 0.05 versus adenosine test; $p < 0.001 versus adenosine test; Ip < O.OOI versus healthy volunteers; lip < 0.01 versus healthy 
volu&ers; Ip e 0.05 versus healthy volunteers. 
Thus, a sample size c. C 175 subjects was considered a equate 
for the study. 
Hemodynamic variables were compared by using paired 
and unpaired t tests for data with a normal distribution rthe 
Wilcoxon signed-rank test when a normal distribution was 
not present. The frequency ofdiscrete variables was com- 
pared by chi-square analysis. 
Qualitative global first-order agreement was ascertained 
by constructing 2 x 2 tables to compare normal and abnor- 
mal scans. Qualitative global second-order agreement was 
ascertained byconstructing 3 x 3 tables, where the possible 
interpretations were no defect, a reversible defect or an 
irreversible defect. Qualitative regional &St-order ugree- 
ment was established byconstructing 2 x 2 tables, compar- 
ing normal versus abnormal perfusion in all three major 
coronary vascular territories. Qualitative regional second- 
order agreement was established by constructing 3 x 3 
tables, where the possible diagnoses were normal, mild to 
moderate orsevere hypoperfusion. 
Quantitative global and regional first-order agreement 
were assessed in the manner of the qualitative analysis, 
except hat an abnormal polar map was defined by the 
presence ofa focal perfusion defect ~3% of the left ventri- 
cle. 
Agreement between exercise and adercosine thallium to- 
mographic images by both qualitative and quantitative 
methods was nalyzed by the kappa and Z statistics, The 
kappa statistic varies from a value of +l (for total agree- 
ment) to -1 (for total disagreement), with a value >O 
a better agreement than that by chance on!y. The Z 
statistic compares the observed percent agreement wbh that 
of a 50% (or by chance only) agreement. 
The marginal distribution of normal and abnormal results 
by adenosine and exercise thallium tomography was ana- 
lyzed by the McNemar test of marginal homogeneity. This 
test considers the disparity between the two stress methods. 
Statistical significance was tested by means of the &i-square 
test. 
The “normalcy rate” was defined as the percent of 
healthy subjects with normai to~~og~~~~ic findings. 
Data re expressed asmean value + SD. A p v 
was considered significant. In the McNemar test, a p value 
>&OS indicated that the cases with disagreement were 
symmetric and did not have a biased istribution. 
administration significantly increased heart rate and de- 
creased both systolic and diastolic blood pressure. Transient 
hypotension (Systolic pressure <90 mm Hg) occurred in five 
su’>jects (2.9%). The peak heart rate (p < 0.001) and rate- 
pressure product (p < 0.05) were significantly higher in 
healthy volunteers than in patients during adenosine infu- 
sion. 
During exercise, the peak and percent target heart rate, 
rate-pressure p oduct and exercise time were all significantly 
higher (p < 0.001) in healthy volunteers than in patients. 
Systolic and diastolic blood pressure, heart rate and 
rate-pressure p oduct were significantly higher during exer- 
cise than during adenosine infusion in both subject groups. 
In the 120 patients with an ECG available for review, 
ischemic changes occurred in 16 (13%) during the adenosine 
infusion and in 33 (28%) during exercise (p = 0.002). 
lschemic hanges during both adenosine fusion and exer- 
cise occurred in 1 I patients. i)ne normal volunteer (2%) had 
“ischemic” ST segment depression during adenosine infu- 
sion but not during exercise. Fist-degree AV block occurred 
in four patients (2.3%), whereas econd- and third-degree 
AV block occurred in five (2.9%) aad two (l.l%), respec- 
tively. All episodes of AV block were short-lived and 
typically disappeared within 1 or 2 min after termination of 
JACC Vol. 20, No. 2 
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Volunteers Patients 
Adverse Reaction No. (%) No. (%,I 
Flushing 36 (65.5) 68 (56.9) 
Chest pain 29 (52.7) 64 (53.3) 
Dyspnea 29 (52.9) 52 (43.3) 
Throat/neck/jaw discomfort I§ (27.3) 28 (23.3) 
Gastrointestinal discomfort 12 (21.8) 26 (21.7) 
Headache 12 121.8) 22 (18.3) 
Eight-beadedness/dizziness 9 (12.7) 21 (17.5) 
Arm discomfort 5 (9) 3 (2.5) 
Nervousness 2 (3.6) 5 (4.1) 
Leg discomfort 3 (5.5) 2 (1.9) 
Paresthesia 1(1.8) 2 (1.3) 
Nasal congeslion 2 (3.6) I (0.8) 
Weakness 0 (0) 3 (2 5) 
Palpitation 2 (3.6) I (0.8) 
Sweating 0 (0) 2 (1.7) 
Metallic taste 0 (0) I (0.8) 
Dry mouth 0 (0) I (0.8) 
Tremors 0 to1 1 W.8) -.--. ~- 
the adenosine infusion. Of the I P patients who developed 
AV block, 8 (72%) were being treated with 2~ beta-adreaergic 
or a calcium channel b?ocking agent. This frequency was 
higher than that (32%) found in subjects inbhe overall study 
gr 
adenosine infusion, the majority of subjects experienced 
symptoms that were usually mild and transient. The side 
e#ects profile was similar in normal volunteers and in 
patients. 
The complete 6-min infusion of adenosine was well toler- 
ated in 159 subjects (90.9%). Side effects requiring interven- 
tion occurred in 16 subjects (9.1%) 2nd included a dose 
reduction i 6 (3.4%), premature t rmination f the infusion 
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ts with and without prior myocardial infarction 
cant. 
t was slightly lower in subjects receiving 
rapy (76.5%) than in those not receiving 
such therapy (E3.6%), but the dj~ere~ce was not stat~st~ca~~y 
significant (p= 0.46). similarly, there was a bor~er~~~e lower
agreement rate in subjects who were using a calcium channel 
blocker at the time of the study (66.7%j than ia those w 
were not (84.8%, p = Q.Q54), although there was no syste 
atic difference in the disagreements. Of the six subjects using 
a calcium blocker and with disagreement, three bad an 
abnormal test result with adenosine but a normal result 
during exercise, whereas three h an abnormal result 
during exercise but a normal result with adenosine. The 
agreement was similar whether subjects were (81%) or were 
not (83%) receiving oral nitrate therapy (p = NS). 
The concordance between adenosine and exercise tomo- 
grams when categorized asnormal or exhibiting reversible 
Table 3. Agreement Between Adenosine and Exercise Thallium-201 Tomography by Quaiitathe Analysis 
-__- 
McNemar 
Percent KBppa Chi-Square 
Agreement Statistic p Value Z Statistic p Value Statistic p Value 
Global 
First order 82.8 (1351163) 0.65 0.OtKJt 11.1 0.00001 0.00 1.000 
Second order 72.4 {118/163) 0.521 O.ooSI 11.2 O.OrHlOl 0.69 0.895 
Regional left anterior descending artery territory 
First order 87.1 (142/163) 0.541 0.0001 14.1 0.00001 0.05 0.829 
Second order 86.5 (1411163) 0.533 O.Ol?Ol 19.9 0.00001 2.00 0.593 
Regional circumflex artery territory 
First order 91.4 (1491163) 0.617 O.oOoI 18.9 O.O#Ol 0.00 l.ooo 
Second order 90.8 (1471163) 0.593 O.OObi 25.4 O.OOCM 2.07 0.557 
Regional right coronary artery territory 
First order 87.7 (143/163) 0.908 O.Ot?Ol 14.7 0.00001 0.80 0371 
Second order 35.4 (140/163) 0.672 O.OOOI 19.3 0.00001 3.80 0.284 
Global first order = analysis using a 2 x 2 table (no defect vs. defect); Global second order = analysis using a 3 x 3 table (no defect vs. reversible defect 
vs. irreversible defect); Regional first order = ana!ysis using a 2 x 2 table (normal perfusion vs. abnormal perfusion); Regional second order = analysis using a 
3 X 3 table (normal perfusion, mild to moderate hypoperfusion vs. severe hypoperfusion). 
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Figure 1. Midcavitary thallium-201 tomographic 
ncl) and redistribution (lower 
panel) images obtained with adenosine (top) and 
exercise stress (bottom) in a patient with severe 
right coronary artery stenosis. The tomographic 
sliceb are displayed in the short-axis (SAi (letI), 
horizontal long-axis (HL) (middle) and vertical 
long-axis (VL) (right) views. Reversible perfusion 
defects are shown i  the apical, inferior and poste- 
rior segments. REDlST = redistribution image. 
or irreversible defects (global second-order analysis) was 
72% (p =C 0.0001 by kapp:, and 2 statistics). The cases with 
disagreement (a - 28) between adenosine and exercise 
testing showed a symmetric distribution by the McNemar 
test (p c=- 0.05); specifically, 14 patients each had a normal 
result by one test and an abnormal result by the other. Figure 
i depicts tire thal!inm-201 tomograms from a patient during 
adenosine and exercise stress. In both images, reversible 
defects are seen in the inferior. apical and posterior seg- 
ments. 
The agreement for assigning perfusion defects to specific 
vascclw territories was lso significant by both first- and 
second-order qualitative analyses (p< 0.001 by kappa nd 2 
statistics). 
Agreement byquambti&&c anallysis (Table 4). There were 
150 subjects a~l:h tomcgrams available for direct comparison 
by quantitative analysis. Seventy-nine subjects (53%) had 
normal and 51 (34%) had abnormal tomographic findings 
with both adeoosine infusion and exercise. An additional 20 
subjects (13%) had abnormal tomographic study results only 
with adenosine (n = 15) or with exercise (n = 5). A partially 
or totally reversible perfusion defect occurred in 5 1 patients 
during both adenosine and exercise tomography, in 15 during 
the adenosine study only and in 4 during the exercise study 
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etween ~d~nQsi~e and Exercise Thai 
PWXtG Qv 
Agreement Statistic p Value z Stallstic 
Global 
First-order X6.0 (129i)YY 0.709 0.0001 12.2 
Regional left anterior descending artery territory 
First-order 9Q.Q (135/15OJ 0.635 0.0001 16.3 
Regional left circumflex artery territory 
First-order 82.7 (124050) 0.472 O.OCtOl 10.6 
Regional right coronary artery territory 
First-order 84.7 (1271150) 0.55 o.oMH 6.7 
p Value 
McNemar 
Chi-Square 
Statistic p Value 
0.00001 336 0.050 
O.oooOl 1.67 0.197 
o.oooo1 0.15 0.649 
0.00#01 3.52 0.061 
Global = Lnalysis using a 2 x 2 table (no defect vs. defect); Regional = analysis using a 2 x 2 table (normal perfusion vs. abnormal perfusion). 
only. The 86% overall agreement by 
first-order analysis was significant (p< 0 
and 2; statistics. The agreement for assigning perfusion 
defects to lhe three specific vascular territories was also 
< 0.0001 by kappa nd Z statistics). Fu 
cNemar test indicated a borderline (p = 
the proportion of~~sco~~ant iag~~ose5 between 
the two tests, with more tests having apositive result during 
the adenosine study than during exercise. 
Perfusion defects were detected in 66 patients during 
adenosine t sting and in 56 during exercise (Fig. 2). The 
quantified mean perfusion defect size was slightly larger by 
adenosine than by exercise tomography (15.3 2 13% vs. 12.6 
2 13%, p = 0.0073). The correhtion toe 
adeno: ine and exercise tomographic defect size was 0.80 
(p < O.OOOl) bylinear egression analysis (Fig. 3). The mean 
+ SD of the difference in the extent of abnorma! myocar- 
dium by the two tests was 2.7 ? 8.3%. 
The abnormal/normal count ratio in patients with a per- 
fusion defect was not significantly diKerent (p = 0.086) 
between adenosine (0.54 2 0.20) and exercise (0.47 5 0.29) 
thahium tomography. 
Normalcy rate. The normalcy rates (the percent of nor- 
mal :rolunteers with a normal test) for adenosine and exer- 
Figure 2. Perfusion defect size by quantrtative adenosirr; and exer- 
cise thallium-201 single-photon emission computed tomography. 
. 
ography were not significantly different 
uahtative analysis (both 93%) or quantitative analysis (95% 
s. 92%, respectively). The normalcy rates by quantitativ 
analysis for men and women were 96% (27 of28) and 91% (1 
of I I) with adenosine and 93% (26 of 28) and 91% (10 of 11) 
myocardial nd lung up values were significantly higher 
higher lung//heart ra io during adenosine infusion. The lungI 
heart ratio in patients was significantly higher than that seen 
in the heahhy volunteers during either adenosine or exercise 
testing (p < 0.01 and p < 0.01. respectively). There was a 
significant but modest linear correlation betwe 
and exercise ~nn~heart ra ios (r = 0.51, p = 
e versus exnrclse. This is the first s!udy 
to directly compare in a prospective blinded crossover 
fashion adenosine and exercise thallium-201 tomography for
evaluating subjects with suspected coronary artery disease. 
Our results demonstrate that the two stress tests are com- 
Figure 2. Correlation of perfusion dcCzC: sfi:: ky qKXtItz!ire Set- 
osine (AD) and exercise (Ex) thallium-201 single-photon emission 
computed tomography (SPECT). 
70 
60 
Atlenwine Ewrciw Exerclw SPEMT (%I 
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Table 5. Lung and Myocardial Thallium-201 Uptake During 
Adenosine and Exercise Tomography in 161 Subjects 
Healthy Volunteers Patients 
In = 50) (II = III) 
Adenosine test 
Lung uptake (counts/pixel) 
Myorardial uptake (counts/pixel) 
Lungiheart ratio 
Exercise test 
Lung uptake (COY tlslpixel) 
Myocardial uptake (cotmtslpixel) 
Luuglheart ratio 
42 2 8% 33 + 13q 
138 f 29* 95 f 4OQ 
0.32 2 0.071 0.37 f 0.08511 
28 + 7 24 2 911 
94 + 23t 71 ?I 28t 
0.3 c 0.06 0.35 t 0.09/j 
_ 
*p c 0.001 versus exercise test; tp < 0.001 versus healthy volunteers; 
$p c 0,Ol versus exercise test; Pp < 0.05 versus exercise test: lip < OS01 versus 
healthy velunleers. 
parable for assessing overall and corcnary-specific regional 
myocardial perfusion despite marked differences in their mech- 
anisms of action. Furthermore, by quantitative analysis, there 
was a good correlation between adenosine and exercise tomo- 
graphic assessment of he extent of abnormally perfused myo- 
cardium, although t e defect sizes were significantly larger by 
adenosine than by exercise (p = 0.007). Exercise often induces 
myocardia! schemia by creating an imbalance in the myocar- 
dial oxygen supply/demand ratio. Thus, the intensity ofexer- 
cise is an important factor in the production ofa perfusion 
defect during exercise. Adenosine, through its interaction with 
the adenosine A, receptors, i  a primary coronary arteriolar 
dilator and leads to a disproportionate increase incoronary 
blood flow in normal coronary arteries incomparison with that 
in stenotic arteries. Although myocardial schemia may also 
occur with adenosine, it is not a prerequisite for producing a 
perfusion defect. 
Agreement between adeeosine and exercise tomographic 
resub. Results of adenosine and exercise thallium-201 to-
mography b  either qualitative or quantitative analysis nthe 
same subjects were highly comparable in detecting and 
locdizing normally or abnormally perfused vascular territo- 
ries. This agreement on interpretation between adenosine 
and exercise thallium-201 tomography is comparable to the 
intram and interobserver agreement reported (16) for exercise 
thallium-201 planar scintigraphy. Our results uggest that he 
relative distribution of thallium-201 is directionally simdar 
with adenosine and exercise tomography, although t e for- 
mer tiords higher absolute values for thallium-201 myocar- 
dial uptake. 
In patients with a perfusion defect, the computer- 
quantified defect size during adenosine tomography corre- 
lated significantly with the defect size during exercise tomog- 
raphy (P < 0. 11, but the defect was significantly larger 
(p = 0.007) and more subjects had an abnormal tomogram 
with adenosine than with exercise stress, despite only a 
modest increase in rate-pressure product withadenosine 
stress. This is not surprising because perfUsion defects with 
adenosine r sult from heterogeneity in myocardia! perfusion 
caused by a large flow increase in the normal arteries and a 
smaller increase (or occasionally a decrease) in the stenotic 
artery. A!though the rate-pressure product reflects myocar- 
dial oxygen demand, and therefore the intensity of stress, it 
is not a good indicator of changes in coronary flow during 
adenosine administration. Moreover, because ph 
logic vasodilation isa more consistent and predictab 
than is exercise and is capable of producing larger increases 
in coronary b!ood flow than are produced by exercise, 
pharmacologic imaging may indeed be more sensitive for 
detecting milder degrees of coronary stenosis (for example, 
50% to 70%). 
A!thoiigh the extent of exercise-induced p rfusion abnor- 
malities has clear rog~~st~c ~rn~orta~~~ (!7,18), it remains 
to be seen whethe, the extent of defects by adenosine 
scintigraphy may be of similar value for identifying high risk 
patients with coronary artery disease. Quantification of 
perfusion defect size with adenosine tomo~rapby may afford 
a practical means to evaluate the effects of therapeutic 
interventions that improve myocardial blood Row (19). 
Adverse reactions to a nosine. The present data indicate 
that adenosine is well to!crated and safe for diagnostic 
myocardial perfusion imaging. The side effect profiles of 
intravenous dipyridamole and adenosine are remarkably 
similar (1,3-5). The somewhat greater f equency of adverse 
reactions with adenosinc may be related to the higher blood 
concentration achieved with this drug compared with that 
found after a standard ose of intravenous dipyridamole 
(I-3). The incidence of side effects requiring special inter- 
vention was 9.2% (16 of 175), but no serious life-threatening 
adverse reactions or deaths occurred in this trial. In most 
cases, the side eflects were rapidly controlled by merely 
decreasing or discontinuing the adenosine infusion because 
the drug has an extremely short plasma half-life of <IO s 
(20). Only four patients required a small dose of intravenous 
aminophylline to promptly resolve th symptoms. 
During adenosine administration, AV block is a special 
concern because ofthe drug’s well known AV node inhibi- 
tory effect. However, we observed second- and third-degree 
AV block in only 2.9% and 1.1% of subjects, lespectiveiy, 
during adenosine testing. Calcium channel or beta- 
adrenergic blockers were more frequently used in patients 
with than in those without AV block. However, in a recent 
study from our laboratory (21) in a larger number of patients, 
the occurrence of AV block was not related to the use of 
antianginal drugs. All instances ofAV block were transient, 
as special therapy. 
demonstrates hat peak myocardial thallium-201 activity was 
approximately 30% greater during adenosine infusion than 
during exercise inhealthy volunteers and patients alike. This 
finding is in agreement with a previous report (22) in healthy 
subjects. Myocardial thallium uptake depends on the ratio 
between corunaty blood fiow and cardiac ouipdt for a fixed 
injected ose of radionuc!idi: agest, according ;o tte aqua- 
tion: Urn = (CBFKO)(D)(E), where Urn is the myoi:ardial 
uptake of the radionuclide, CBF is coronary blood AKW in 
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disc output increases %A times above 
s with adenosine (26), as the increase is 
greater (27) with exercise. 
icantly but modestly b~gber after adenQs~~e ~~f~s~o~ than
after exercise, probably because ofa lo 
time and a lower cardiac output with 
with coronary artery disease, nosine may also induce 
* v? eiL,,..,,a, . . n, sftincuosr rau,Wq+ 6z c3ro- 
arily increases the lun 
us studies (30) have suggested 
activity during exercise may ide 
high risk patients who have a poor prognosis. ether quan- 
tification oflung activity after adenosine thallium tomography 
also has prognostic importance in patients with coronary artery 
further investigation. 
rates. The normalcy rate has 
e to traditional specificity based 
on coronary angiography to avoid post-test referral bias 
during thallium-201 tomography. The normalcy rate in this 
study was high with both adenosine and exercise tomogra- 
phy and comparable to that previously reported (31) with 
with adenosine are similar to those reported (l-4) with 
d~~y~darno~e. At the recommended dose (l-4), dipyrida- 
mole fails to produce maximal coronary vasodilation in as 
many as 25% of normal subjects and elicits less enhancement 
of coronary blood flow than does intracoronary papaverine 
(3.7- vs. 4.4-fold increase, p < 0.05) (32). In contrast, 
adenosine at a dose of 140 &kg per min intravenously 
elicits an increase in coronary flow similar to that induced by 
papaverine (23). However, the reported sensitivity and spec- 
ificity of adenosine thallium sclntigraphy (11,12! appear to be 
comparable to those of dipyridamole scintigraphy (l-4). 
Nguyen et al. (II), in a small subgroup of their patients, 
found the predictive a for adenosine tobe slightly 
higher than that of exe % VS. 8Q%, p = NS). Coyne 
et al. (12) reported on subjects who underwent both 
adenosine and exercise thaIhum to~nog.rslyhy. T ey found 
that &W_&lia, &d CXCXCibC: i6MK3~G$hy hd !kdkl~ Vdt.K% 
for sensitivity (83% vs. 81%) and specificity (75% vs. 74%). 
In that study, however, the images were interpreted only 
the two stress tests wa 
tomography for detecting coronary 
focus of our study, was not significantly affecte 
antianginai drugs. 
Third, we used a mix gender noimal data 
quantitative analysis ofpe sion defects because 0 
experience (34) with ex ise thallium tomography has 
shown similar esults with gender-specific or 
data banks using our processing technique. 
normalcv rate for the detection f coronary artery disease 
was high ,:nd comparable b tween men and women. 
Fourth, the normal data bank was derived from 1 
normal volunteers in this study who were younger and m 
better condition than the patients suspected of having cow 
nary artery disease. However, the use of older, Iess weI 
conditioned volunteers might have compromised the integ- 
rity of the normal data bank because some of these subjects, 
especially those unable to reach maximal exercise, might 
have had silent coronary artery disease. 
Clinical implicztioas. Pharmacolcjg’c stress for myocar- 
dial perfusion imaging has an impo: iant role in the diagnosis 
of coronary artery disease, pa~ic~larly in subjects unable or 
rm an adequate exercise test. It 
be superior to a sMbmaxima~ exercise test, especiahy in 
subjects using antianginal medications at the time of the test. 
Moreover, the prognostic value p~a~~c~~~~ic e~~s~o~ 
&gjrsg ,ras &en established in ients w~t~~c~ro~ic cor~‘o- 
nary artery disease (8) and in those recovering from an acute 
myocardiai infarction (7.9). Adenosine isan attractive agent 
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for obtaining maximal controlled coronary vasodilation be- 
cause it is a potent yet safe drug as a result of its ultrashort 
half-lie (40 s), which limits the duration of any potential 
side effects. 
In this multicenter trial, adenosine thallium-201 scintigra- 
phy caused no complications. A larger series from our labom- 
tory (21) also showed no complications with this test when 
performed in 607 patients with suspected or documented 
coronary artery disease, including 125 with recent myocardial 
infarction being evaluated for risk stratification. When per- 
formed in the same subjects, adenosine and exercise thallium- 
201 tomography are comparable techniques for detecting cor- 
onary artery territories ,vith normal or abnormal myocardial 
perfusion and for quantifying left ventricular perfusion defect 
size, This observation suggests that pharmacologic coronary 
vasodilation with adenosine is as elective as maximal treadmill 
exercise in inducing heterogeneity in myocardial perfusion 
detectable with thallium-201 tomography, at least in patients 
similar to those in the present s udy. 
Since the submission f our manuscript, the results of a 
multicenter trial comparing adenosine and exercise tresses 
during thallium-201 scintigraphy ave been reported by 
Gupta et al. (35). They also found excellent agreement 
between adenosine and exercise stress and reported high 
sensitivity and specificity forCOI. ry artery disease detec- 
tion during adenosine scintigraphy. 
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